Affinity and sequence specificity of DNA binding and site selection for primer synthesis by Escherichia coli primase.
Primase is an essential DNA replication enzyme in Escherichia coli and responsible for primer synthesis during lagging strand DNA replication. Although the interaction of primase with single-stranded DNA plays an important role in primer RNA and Okazaki fragment synthesis, the mechanism of DNA binding and site selection for primer synthesis remains unknown. We have analyzed the energetics of DNA binding and the mechanism of site selection for the initiation of primer RNA synthesis on the lagging strand of the replication fork. Quantitative analysis of DNA binding by primase was carried out using a number of oligonucleotide sequences: oligo(dT)(25) and a 30 bp oligonucleotide derived from bacteriophage G4 origin (G4ori-wt). Primase bound both sequences with moderate affinity (K(d) = 1.2-1.4 x 10(-)(7) M); however, binding was stronger for G4ori-wt. G4ori-wt contained a CTG trinucleotide, which is a preferred site for initiation of primer synthesis. Analysis of DNA binding isotherms derived from primase binding to the oligonucleotide sequences by fluorescence anisotropy indicated that primase bound to DNA as a dimer, and this finding was further substantiated by electrophoretic mobility shift assays (EMSAs) and UV cross-linking of the primase-DNA complex. Dissection of the energetics involved in the primase-DNA interaction revealed a higher affinity of primase for DNA sequences containing the CTG triplet. This sequence preference of primase may likely be responsible for the initiation of primer synthesis in the CTG triplet sites in the E. coli lagging strand as well as in the origin of replication of bacteriophage G4.